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•To test the potential tracer application of 
the iodine isotopic ratio 129I/127I in recent 
ground waters by  analyzing its behavior in 
a well-characterized aquifer system.
Importance of Iodine
• Largest fraction of short- term and long- term dose from 
nuke releases & fallout
• 129I one of two long- lived nuclides with high mobility in 
stored radioactive waste
• New tracer and geochronological applications





• 127I   100% abundance
• 129I    t1/2 = 15.6 ma
• Natural surface inventory 100 kg
• Bomb testing 150 kg 
• Nuclear fuel reprocessing 2600 kg
(Cap de La Hague, Sellafield)
• Chernobyl reactor accident (1986) 1.3  kg
1Liter drinking water:
10-12 Ci
226Ra  ~0.2          (Eisenbud & Gesell, 1997)
129I        0.0000003
Atmospheric source 
input function for 129I 
~constant over last decade
Atmospheric Inputs of 129I in











1988 1990 1992 1994 1996 1998 2000
Year
Liquid emissions  [8],[15] (1988=
Gaseous emissions  [9],[10],[15]
(1988=1)
Bachhuber & Bunzl, Bavaria [5]
Dübendorf / Zürich [This work]
Krupp & Aumann, South. German
[19]





129I/127I Ratios in Precipitation in Europe
[Szidat et al., 2000]
Global atmospheric 
transport in 11 to 18 days
Global Distribution of log 129I/127I
[Snyder and Fehn, 2003]
129I Flux comparison between 
Western Europe and the 
Contiguous United States
Recent 129I Emissions in Europe
(Schnabel et al., 2001) and USA
(Moran et al., 2002)
USA
1x1010at m -2 yr -1
     (30 g/yr)
Europe
3x1012at m -2 yr -1
Santa Ana River Basin
Study Site in Semi-Arid Region
Los Angeles
Santa Ana
River Basin •(Texas ~20 to 160 cm)
•Lower Basin 35 cm (ET)
•Upper Basin 46 cm
Precipitation
•Hyd. cond. 200 to 300 m/d
•Linear flow velocity ~5m/d
•Artificial recharge
Aquifer Properties
•Dip & flow toward coast
•Alluvial fill sands & gravels
•Unconfined
Aquifer System




















































Unconfined, Lower Basin 
Study Site
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y = 0.85Ln(x) + 4.3
R2 = 0.45
R = 0.67
y = 1.79Ln(x) + 7.69
R2 = 0.68
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TOC & Biophilic Iodine
• TOC (Davisson et al., 1998)
-- Conc ↓ 50 to 70 % from surface to gw
-- ↓ in size fraction (from < 1 µm to < 0.2 µm)
• 129I (Santschi et al., 1999; Dissanayake &   
Chandrajith, 1999; Quiroz et al. 2002)
-- Conc ↓ 50 to 70 % from surface to gw
-- Colloidal fraction 50 to 70 % > dissolved 





• Subsurface aqueous geochem. ppt or 
dissolution---I, Cl:  conservative behavior
• Mixing: reclaimed water & imported water (10 to 
25%) from Colorado River (COR)
– COR 129I: 3.2 * 107 atoms/L
– SARPD 129I: 4.1 * 107 atoms/L
• ET: salts concentrate & ppt during dry cycles; 
leach & dilute during wet cycles
Evapotranspiration (ET)
• Catchment behavior through 
analogy to chloride
• Long term database
Chloride: Analogy for Iodide
y = 5.27x-0.32
R2 = 0.53
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          INSET:
Annual median values
    y = -0.19x + 4.24





y = -1.75x + 20.0
R2 = 0.84
R  = 0.92
y = -0.88x + 10.51
R2 = 0.62






























127I vs. River Flow




















Cl, 127I exhibit different 
mobilities than 129I
Conclusions
• 129I/127I & 129I increase with aquifer residence time
- Contrasts with constant source function
- Attributed to river flow rate,
base flow: ET 
storm flow: dilution
• 129I exhibits different mobility than 127I, Cl
- In different chemical form or not equilibrated 
(127I: τ~1000 yr)
• Potential for 129I/127I & 129I as geochronometer for TOC: 
? better than 14C for TOC < 50 yrs
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• Linear flow velocity
v = d/t
where d = distance (m), t is age (days)
• Hydraulic conductivity (Darcy’s Law)
v = (K/p) ∆h     
where v = linear flow rate (m/day)
K is the average hydraulic conductivity (m/d)
p is the effective porosity the aquifer 
(m3 water/m3 soil and water) 
∆h is the gradient in groundwater elevation between 
the endpoints (m/m),
Comparison & Units
• 129I:  5.6 kg  =  1 Ci =  3.7*1010 dps or Bq
=    ~ 3 * 1025 atoms
129I/127I
• Natural     10-13 to 10-12
• USA (this study)       10-11
• Europe 10-10 to 10-8
• Peak near nuclear facility 10-7
• 129I (this study) 107 atoms/L 
• 127I:    1 ppb ~ 5 * 103 atoms/L
Table 1. Iodine and water age data for the Orange County study wells.
12186.998.910589.210387.991.68978.873.886.9Cl (mg/L) h





















































































Table 2.  Comparison of 129I, 127I, Cl concentrations and flux for regional rivers 








































Table 3.  Statistics for TOC (mg/L) from May 1990 through April 2001. 

















PPT  vs. SARPD
y = 1.85x + 3.79
R2 = 0.91
PPT vs. GW
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